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ABSTRACT 

I'TS ^ 

This final report contains a synopsis of the vibration and 
acoustic data obtained from the static tests of Saturn vehicle S-I-10. 
The data is presented in terms of acceleration versus frequency, 
sound pressure level versus frequency, and statistical profiles. 
These presentations establish the statistical deviation of abnormal 
environmental parameters measured during static testing. 
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LIST OF ILLUSTRATIONS 
Telemetered Data 


MEAS. 

NUMBER 

MEASUREMENT 

DFSCRIPTION 

MEAS. LOC. 
FIG. NO. 

REDUCED DATA 
FIG. NO. 

Ell-2 

Thrust Chamber 
Dome, Lat. 

A- 1 

B-l 

Ell-4 

Thrust Chamber 
Dome, Lat. 

A- 1 

B-2 

Ell-6 

Thrust Chamber 
Dome, .Lat. 

A- 1 

B-3 

Ell-8 

Thrust Chamber 
Dome, Lat. 

A- 1 

B- 4 

E12-1 

Turbine Gear Box, Lat. 

A- 1 

B-5 

E12-2 

Turbine Gear Box, Lat. 

A- 1 

B-6 

E12-3 

Turbine Gear Box, Lat. 

A- 1 

B-7 

E12-4 

Turbine Gear Box, Lat. 

A- 1 

B-8 

El 2-5 

Turbine Gear Box, Lat. 

A- 1 

B-9 

E12-6 

Turbine Gear Box, Lat. 

A- 1 

B- 10 

E12-7 

Turbine Gear Box, Lat. 

A - 1 

B-l 1 

E12-8 

Turbine Gear Box, Lat. 

A- 1 

B- 12 

E33-1 

Thrust Chamber Dome, 
Long't 

A- 1 

B- 13 

E33-3 

Thrust Chamber Dome, 

A- 1 

B- 14 


Long't 


v 


Telemetered Data (Continued) 


ME AS. 
NUMBER 

MEASUREMENT 

DESCRIPTION 

MEAS. LOC. 
FIG. NO. 

REDUCED DATA 
FIG. NO. 

E33-5 

Thrust Chamber 
Dome, Long’t 

A- 1 

B- 15 

E33-7 

Thrust Chamber 
Dome, Long’t 

A- 1 

B-16 

E105-11 

Spider Beam, Dong't 

A- 2 

B-17 

E107-11 

Spider Beam, Yaw 

A- 2 

B- 18 

E135-9 

Thrust Beam, Long’t 

A- 3 

B-19 

El 36-9 

Shear Beam, Dong’t 

A- 3 

B-20 

El 39- 9 

Shear Beam, Top, 
Long’t 

A- 5 

B- 21 

E140-9 

Shear Beam, Top, 
Perp. 

A- 5 

B-22 

E270-9 

Mounting Bracket, 
Dist. 9A3, Perp. 

A-6 

B- 23 

L28-9 

Sound Intensity, 
Sta. 171 

A- 4 

B-24 


Hardwire Data 


ME AS. 
NUMBER 

MEASUREMENT 

DESCRIPTION 

MEAS. LOC. 
FIG. NO. 

REDUCED DATA 
FIG. NO. 

31. 041-2 

Emergency Rec. , 
Long't 

A- 1 

B-80 

82. 03A-3 

Turbine Gear Box 
(Fuel Side), Lat. 

A- 1 

B-81 

82. 03D-1 

Turbine Gear Box 
(LOX Side) , Lat. 

A- 1 

B-82 

81. 300-4 

Thrust Beam, Long't 

A-7 

B-25, 83 

81. 301-4 

Thrust Beam, Perp. 

A- 7 

B-26, 84 

81. 302-4 

Thrust Beam, Lat. 

A-7 

B-27, 85 

81. 303-4 

Shear Panel, Long't 

A-7 

B-28, 86 

81. 304-4 

Shear Panel, Perp. 

A-7 

B-29, 87 

81. 305-4 

Shear Panel, Lat. 

A-7 

B-30, 88 

81. 306-8 

Thrust Beam, Long't 

A-7 

B-31, 89 

81. 307-8 

Thrust Beam, Perp. 

A-7 

B-32, 90 

81. 308-8 

Thrust Beam, Lat. 

A-7 

B-33, 91 

81. 309-8 

Shear Panel, Long't 

A-7 

B- 34, 92 

81. 310-8 

Shear Panel, Perp. 

A-7 

B-35, 93 

81. 311-8 

Shear Panel, Lat. 

A-7 

B-36, 94 

84. 001-3 

Upper Bulkhead F-3, 
Perp. to Surface 

A- 8 

B- 37 
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Hardwire Data (Continued) 


ME AS. 
NUMBER 

MEASUREMENT 

DESCRIPTION 

ME AS. LOC. 
FIG. NO. 

REDUCED DATA 
FIG. NO. 

84. 001A-3 

Upper Bulkhead F-3, 
Perp. to Surface 

A-8 

B-38, 95 

84. 002-3 

Upper Bulkhead F-3, 
Parallel to Surface 

A-8 

B- 39 

84. 002A-3 

Upper Bulkhead F-3 
Parallel to Surface 

A-8 

B- 40 , 96 

84. 003-4 

Upper Bulkhead F-4 
Perp. to Surface 

A-8 

B-41 

84. 003A-4 

Upper Bulkhead F-4, 
Perp. to Surface 

A-8 

B-42, 97 

84. 004-4 

Upper Bulkhead F-4, 
Parallel to Surface 

A-8 

B-43 

84. 0 0 4 A - 4 

Upper Bulkhead F-4, 
Parallel to Surface 

A-8 

B- 44, 98 

84. 005-3 

Lower Bulkhead F-3 
Perp. to Surface 

A-10 

B- 50 

84. 005A-3 

Lower Bulkhead F-3 
Perp. to Surface 

A- 10 

B-51, 99 

84. 006A-3 

Lower Bulkhead F-3, 
Parallel to Surface 

A-10 

B- 52 , 100 

84. 007-3 

Lower Bulkhead F-3, 
Long’t to Sump 

A-10 

B- 53 

84. 008- 3 

Lower Bulkhead F-3, 
Perp. to Sump 

A-10 

B- 54 


viii 



Hardwire Data (Continued) 


MEAS. MEASUREMENT MEAS. LOG REDUCED DATA 


NUMBER 

DESCRIPTION 

FIG. NO. 

FIG. NO. 

84. 009-4 

Lower Bulkhead F-3, 
Long't to Sump 

A- 10 

B- 55 

84. 0011 

Shroud, Perp. 

A-ll 

B-57,101 

84. 0012 

Shroud, Perp. 

A- 1 1 

B-58,102 

84. 0013 

Shroud Panel, Perp. 

A-ll 


84. 0014 

Skin Ft 1, Perp. 

A-ll 

B-59 

84. 0015 

Spider Beam, Pitch 

A-8 

B-45, 103 

84. 0016 

Spider Beam, Yaw 

A-8 

B-46, 104 

84. 0017 

Spider Beam, Long't 

A-8 

B-47,105 

84. 0024-4 

Lower Bulkhead F-4, 
Perp. to Sump 

A- 10 

B- 56 

84. 0026-4 

Skin F-4, Perp. to 
Tank Skin 

A-ll 

B-60, 106 

84. 0027-4 

Skin F-4, Perp. to 
Tank Skin 

A-ll 

B-61, 107 

84. 999 

GOX Flow Control Valve 
Perp. to Flow 

A- 14 

B-78 

84. 9991 

GOX Flow Control Valve, 
Parallel to Flow 

A- 14 

B-79 

86. 32 

Heat Shield Panel 

A- 12 

B-62 

86. 33 

Heat Shield Panel 

A- 12 

B-63 


ix 


Hardwire Data (Continued) 


ME AS. 
NUMBER 

MEASUREMENT 

DESCRIPTION 

MEAS. LOC. 
FIG. NO. 

REDUCED DA 
FIG. NO. 

86. 34 

Heat Shield Panel 

A- 1 2 

B-64 

88. Oil 

F-2 Instrument 
Compartment 

A- 13 

B-65 

88. 012 

F-2 Instrument 
Compartment 

A- 1 3 

B-66 

88.013 

F-2 Instrument 
Compartment 

A - 1 3 

B-67 

88. 014 

Instrument Panel F-2 

A- 13 

B-68 

88. 015 

Instrument Panel F-2 

A- 1 3 

B-69 

88. 016 

Instrument Panel F-2 

A- 13 

B- 70 

89. 601 

F-l Aft Skirt, Long’t 

A- 13 

B-71 

89. 602 

F-l Aft Skirt, Perp. 

A- 1 3 

B-72 

89. 603 

F-l Aft Skirt, Lat. 

A -13 

B-73 

89. 604 

F-l Aft Skirt, Long’t 

A- 13 

B-74 

89. 605 

F-l Aft Skirt, Perp. 

A- 1 3 

B- 75 

89. 606 

F-l Aft Skirt 

A- 13 

B-76 

89. 607 

F-l Aft Skirt, Perp. 

A- 1 3 

B-77 

89. 60 

Spider Beam 

A - 9 

B-48 

89. 61 

Spider Beam 

A- 9 

B-49 


x 



TECHNICAL MEMORANDUM X- 53377 
SATURN S-I-10 STATIC TEST VIBRATION AND ACOUSTIC DATA 

SUMMARY 


The data obtained during the static testing of the S-I-10 vehicle 
indicated that all functional systems performed satisfactorily. In 
general, the response characteristics of the S-I-10 structure were 
normal for the static test condition, and no structural degradation was 
indicated, A discussion of anomalies in the structural response is 
presented where applicable. 

Telemetry measurements on the thrust chamber domes were 
inconsistent with measurements using the hardwire system and are 
considered invalid. This problem has existed for the static tests of 
previous vehicles and studies are being made to determine the cause 
of the inconsistency. However, the results have been inconclusive 
thus far. 

The hardwire vibration measurement at station 152, on the 
shroud skin was deleted for test SA1024. The repeated failure of the 
bonding of the transducer to the structure on static tests S-I-9, S-I-8, 
and S-I-10 has provided little usable data. 

The telemetered internal acoustic measurement at station 171, 
on the thrust structure was invalid due to transients in the data. No 
hardwire acoustic measurements were made during these tests. 


SECTION I. INTRODUCTION 


The objectives of this report are to (1) provide a concise 
reference of vibration and acoustic data obtained during the static tests 
of the S-I-10 vehicle, and (2) to evaluate and interpret the reduced 
data, emphasizing abnormalities in the structural responses and the 
vibration and acoustic environment. 

The Saturn S-I-10 stage was static tested on September 24, 

1964 (Test Run SA1023) for a duration of 35. 08 sec. , and on October ’6, 
1964 (Test Run SA1024) for a duration of 149. 93 sec. The data pre- 
sented in this report were taken from the results of run SA1024 unless 
otherwise indicated. 


The locations of applicable hardwire and telemetered vibration 
and acoustic measurements are provided in Appendix A. Appendix B 
presents the following definitions and information on the reduced data: 

a. Definition of statistical parameters 

b. Basic statistical parameters by measurement 

c. Acceleration power spectral density plots 

d. Acceleration amplitude versus frequency plots 
(10 cps bandwidth) 

e. Pressure spectrum level plots 

f. Predominant frequency versus rms acceleration 
amplitude 

g. Measurement variance analysis plots 

A statistical definition of the vibration environment is provided 
in terms of mean value, standard deviation, kurtosis, chi-square, and 
skewness for each measurement. These parameters are used to 
define the degree of randomness, or periodicity, of the structural 
response. The meaning of each statistical parameter is given in terms 
of its application to data evaluation. 

The vibratory response of each structural location is described 
in terms of acceleration spectral density (G^/cps) as a function of 
frequency (cps), or 10 cps bandwidth rms acceleration (G rms ) as a 
function of frequency. The acoustic environment is described in terms 
of pressure spectrum level (PSL) in dB, referenced to a pressure of 
2 x 10~^N/m^, as a function of frequency. The ten most predominant 
frequencies are tabulated in descending order of the corresponding rms 
acceleration (G rms ) amplitudes. 

The measurement analysis compares each current measurement 
spectrum (heavy starred line) with the normal or mean spectra 
established from the same measurement on previous tests. Two other 
envelopes besides the mean are presented. These envelopes establish 
the degree of variance between the SA 1.024 data and the 87. 5 percent 
and 95 percent confidence levels of previous data. (See FIG. B-l for 
an example. ) Measurement analysis plots are shown in FIG. B-l 
through B-l 07. 
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* 


Appendix C includes (1) a block diagram of the data acquisition 
and reduction systems, (2) a table for comparison of composite rms 
vibration amplitudes, and (3) static test measurement discrepancies in 
tabular form. 


CTrrTTmT tt 
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A. Hardwire 


The instrumentation system for the acquisition of the 
hardwire vibration and acoustic data included a transducer, cathode 
follower, coaxial cable, amplifier, and tape recorder. 

The accelerometers used in 
system of the Saturn S-I-10 vehicle 

the hardwire instrumentation 
were as follows: 

TYPE 

MODEL 

FUNDAMENTAL RESONANT 
FREQUENCY (cps) 

Cubic 

2A507 

above 5000 

Cubic 

3A509 

5000 

Statham 

A6-15-350 

150 

Glennite 

A45U 

above 5000 


The hardwire instrumentation system provided a reasonably 
flat frequency response over the range from 0 to 5000 cps, as required, 
except for the low frequency (Statham) accelerometers. 

The instrumentation and calibration ranges used at each 
measurement location are presented in Table IV-a. 

B. Telemetered 


The instrumentation systems for the acquisition of the 
telemetered vibration and acoustic data included a transducer, cathode 
follower, multiplexer, SSB/FM telemetry transmitter and receiver, 
amplifier, and tape recorder. 

The transducers used in the telemetry instrumentation system 
of the Saturn S-I-10 vehicle were: 
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TYPE 


MODEL 


FUNDAMENTAL RESONANT 
FREQUENCY (cps) 


Gulton TA501UA Above 5000 

Glennite AT1289 Above 5000 

Gulton MA299501 Above 5000 

The systems provided a reasonably flat response over the range 
from 100 to 2500 cps, as required. 

The instrumentation and calibration ranges used at each measure- 
ment location are presented in Table IV-b. 

C. Data Reduction 

One system for the data reduction of hardwire vibration 
and acoustic data included a tape loop transport, narrowband swept 
filter (nominal bandwidth of 10 cps), spectrum wave analyzer, and 
plotter. The amplitude (G rm s) versus frequency plots were obtained 
with a spectrum wave analyzer employing a 10-cps narrow bandwidth 
filter swept at the rate of 1. 8 cps /sec and with an averaging time 
constant of 2. 5 sec. 

Another system consisted of an analog-to-digital (a-to-d) 
converter, tape recorder, digital computer, and plotter. 

The system used for the data reduction of the telemetered 
vibration and acoustic data consisted of a demultiplexer, tape recorder, 
a-to-d converter, digital computer, and plotter. The demultiplexer 
comprised a discriminator that contained variable bandpass and low- 
pass filters. Block diagrams of the data acquisition and data reduction 
systems described above are giyen in Table I (Appendix C). 

SECTION III. VIBRATION DATA 

A total of 55 hardwire and 24 telemetered high frequency 
vibration measurements were taken during S-I-10 static tests. 

Additional low frequency vibration measurements were made 
through the telemetry system. However, these transducers were used to 
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define bending modes and are not included in this* report. 


A. Engine Domes 


Hardwire measurements: 81. 041-1 through 81. 041-8 


Telemetered me 


ux V111CULD . 


E33-1 , iii 33 — 3, ±Li33-o, 
E33-7, Ell-2, Ell-4, 
Ell-6, Ell-8 


Structural response: 

Thrust chamber dome response, obtained from 
hardwire measurements, was consistent with previous hardwire data 
and indicated normal engine performance. 

Anomalies: 

The past history of the longitudinal measurements 
(E33-1, E33-3, E33-5, E33-7) of the vibration of the combustion 
chamber domes has shown discrepancies between telemetered and 
hardwire data. The amplitudes measured by the telemetry system 
have consistently been two to four times greater than those measured 
by the hardwire system. An examination of the two systems indicates 
that the telemetry data from these measurements are invalid. 

Two of the lateral measurements (Ell-2, Ell-4) exhibited 
abnormally high amplitudes and are considered invalid. Also, tran- 
sients were noted in three of the measurements (Ell-4, E33-3, 
E33-7). No data were obtained from hardwire measurement 81. 041-5 
in test SA1024 because measurements were invalid after 5. 5 sec. 

This was the result of a defective transducer connecting cable. 

B. Engine Gear Case (Turbopumps) 


Hardwire measurements: 82. 03A1 through 82. 03A-8 

82. 03D-1 through 82. 03D-8 

Telemetered measurements: E12-1 through E12-8 

Structural response: Normal 

The spectra of the engine gear box vibration were 
characterized by high amplitudes at discrete frequencies. In some 



instances the amplitudes exceeded the accepted norm; however, no 
degradation was indicated by these data. 

Anomalies: None 

NOTE: 

1. The letter M A n denotes hardwire measurements 
on the fuel side of the gear case; the letter M D M measurements were 
made on the LOX side of the gear case. 

2. The telemetered vibration measurements on 
engines one, two, three, and four were repetitions of previous 
firings. The measurements on engines five, six, seven, and eight 
were made for the first time on tests SA1023 and SA1024. Therefore, 
the variance plots represent a comparison of these two firings only. 

C. Fuel Interconnect Line 


Hardwire measurements: 84, 007-3, 84. 008-3, 

84. 009-4, 84. 0024-4 

Telemetered measurements: None 

Structural response: 

The response of the fuel interconnect line was 
characteristically low amplitude. 

Anomalies: 

The data were affected by electrical noise, 
particularly near 60 cps. 

D. Shear Beam/ Panels 


Hardwire measurements: 81. 300 through 81. 311 

Telemetered measurements: E135-9, E139-9, E1^0-9 

Structural response: Normal 

The response patterns of the shear beam and 
panels were consistent with those observed during previous firings. 
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The unbraced panels exhibited significant response approximately 
every 100 cps below 1 kc. The vibration of the stiffened panel was 
characterized by lower response amplitudes. 

Anomalies: None 

E. Shroud Panel 


Hardwire measurements: 84.0011, 84.0012, 84.0013 
Telemetered measurements: None 
Structural response: Normal 

Anomalies: 

Measurement 84. 0013 was lost in test SA1023 and 
all previous static firings due to ineffective bonding. This measure- 
ment was deleted from test SA1024. 

F. Fuel Tank Skin 


Hardwire measurements: 84.0014, 84* 0026 t 84.0027 
Telemetered measurements: None 

Structural response: Normal 

The vibration level at the upper measurement 
location was considerably greater than at the two lower measurement 
locations. This was attributed to the propellant level in the tank 
being below the upper measurement location during the time analyzed. 

Anomalies: 

Measurement 84. 0027 was not available in test 
SA1024 due to ineffective bonding of the transducer to the structure. 

G. Fuel Tank Upper Bulkheads 


Hardwire measurements: 84. 001 through 84. 004 

84. 001 A through 84. 004A 

Telemetered measurements: None 
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Structural response: Normal 


The vibratory response of the upper bulkheads 
was highest in the frequency range of 250 to 1, 500 cps. The 
characteristic response at 2 kc was also present for the SA-10 test 
firings. The vibration levels of fuel tanks F-3 and F-4 persisted at 
approximately one-third the mainstage level after engine cutoff. 

This phenomenon was attributed to fuel tank venting after cutoff. 

Anomalies: None 

NOTE: 

1. Measurements 84, 001 through 84. 004 were 
made with low frequency transducers providing data below 100 cps. 
The measurements with the M A M notation provided information to 5 kc. 

H. Fuel Tank Lower Bulkheads 


Hardwire measurements: 84. 005, 84. 005A, 84. 006A 

Telemetered measurements: None 

Structural response: Normal 

Anomalies: None 

NOTES: 

1. Measurement 84. 005 was made with a low 
frequency transducer providing information below 100 cps. 

2. The vibration response amplitude increased 
as the fuel in the tank was depleted. 

I. Distributor 9A3 


Hardwire measurements: None 

Telemetered measurement: E270-9 
Structural response: Normal 


Anomalies: None 



NOTES: 


1. Although the description of this measurement 
is given as "Distributor 9A3 Mounting Bracket," the transducer was 
mounted on the Z-ring in the aft skirt of fuel tank No. 1 adjacent to 
the mounting bracket. 

J. Spider Beam 


Hardwire measurements: 84.0015, 84.0016, 84.0017 
Telemetered measurements: E105-11, E107-11 
Structural response: Normal 

Anomalies: 

Measurement 84. 0017 provided questionable data 
throughout most of both tests. However, the data during the slice 
time presented were considered to be valid. 

K. Heat Shield Panels (S-IB) 


Hardwire measurements: 83. 32, 86. 33, 86. 34 
Telemetered measurements: None 

Structural response: 

These vibration measurements were made on 
S-IB-type honeycomb heat shield panels. Since measurements were 
not made on this structure previously, an evaluation of the response 
characteristics by direct comparison was not possible. The response 
of the structure was characterized by a relatively flat spectrum above 
500 cps and a predominant response of approximately 130 cps. 

Anomalies: None 

L. F-2 Instrument Compartment 


Hardwire measurements: 88.011, 88.012, 88.013 

88. 014, 88. 015, 88. 016 


Telemetered measurements: None 
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Structural response: Normal 

The measurements in the F-2 instrument compart- 
ment were not made during the previous static tests. The composite 
vibration levels of measurements 88.011 through 88. 013, mounted on 
the power distributor 12AZ5, were approximately 1 G rms . The levels 
on the instrument compartment skin were nearly 3 G rms . The pre- 
dominant response of the power distributor was 25 cps; however, this 
is near the low end of the range over which the frequency can be 
analyzed and is not considered valid.- The predominant response of 
the skin occurred at frequencies of 500 and 2000 cps. 

Anomalies: 

The frequency response at 25 cps for measurements 
88. Oil, 88. 012, and 88. 013 was near the lower limit of the linear 
response of the instrumentation system and was considered invalid. 

M. F-l Aft Skirt 


Hardwire measurements: 89.601, 89.602, 89.603, 

89. 604, 89. 605, 89. 606, 
89. 607 

Telemetered measurements: None 

Structural response: Normal 

The vibration response on and adjacent to the 
voltage regulator 40C20002 was measured in both tests SA1023 and 
SA1024. The instrumentation on previous static firings did not 
include measurements at these locations; therefore, direct 
comparisons were not possible. The vibration response of the 
voltage regulator was greatest (5 G rm 3 )perpendicular to the 
mounting surface. The predominant frequency in all three planes 
was 100 cps. The vibration of the tank skin adjacent to the voltage 
regulator was 8 G rms . 


Anomalies: None 



SECTION IV. ACOUSTIC DATA 


# 


All hardwire acoustic measurements and all but one telemetered 
acoustic measurement were deleted from the S-I-10 static tests. 

Hardwire measurements: None 

Telemetered measurement: L28-9 

Acoustic environment: 

The internal acoustic environment was invalid. 
Anomalies: 

The internal acoustic environment was considered 
invalid due to transients in the data. 


* 


V 
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APPENDIX A 

MEASUREMENT LOCATIONS 

Telemetered Measurements Figures A-l through A-6 

Hardwire Measurements Figures A- 7 through A- 14 


4 


J 


12 









14 




SATURN I- BLOCK II 
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as Isa s'sasIsa 7|sa3 IsasI; 










17 
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EFF ECTIViTY 
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E270-9 X X X X 
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ALL ACCELEROMETERS M< 
FORWARD FACE OF PANEL 



R i D MEASUREMENT 
S-IB HEAT SHIELD PANELS 

FIGURE A- 12 








APPENDIX B 

DEFINITIONS AND REDUCED DATA 


Definitions 

Telemetered Measurements 

1. Vibration Figures B-l through B-23 

2. Acoustic Figures B-24 

Hardwire Measurements 

1. Vibration Figures B-25 through B-107 
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DEFINITIONS 


A curve obtained by plotting the 
number of occurrences of a certain 
amplitude versus the probability. The 
Gaussian, or "normal" curve, has a 
bell -shape appearance with the highest 
probability near the mean value. 

Mean A measure of the location of ampli- 

tudes in a distribution. The mean is 
found by summing the values of the 
individual amplitudes in the distri- 
bution and dividing by their number. 
The mean of a Gaussian distribution 
is equal to the median value. For 
structural vibration, the mean value 
is zero. 


Gaussian Amplitude 
Probability Distribution 


Standard Deviation The root-mean- square value of the 

amplitude in a distribution. As used 
in this report, standard deviation is 
equal to the composite G rms level 
for a given time slice. 

Kurtosis A statistical property of an amplitude 

distribution which is a measure of the 
width of the peak of the bell shape 
curve at the mean value and a measure 
of the width of the mouth of the curve. 
A kurtosis coefficient equal to three 
is associated with a Gaussian or 
"normal distribution. n 

Skewness A property of a distribution which is 

a measure of the deviation of the 
curve from the mean value. In a 
symmetrical distribution (Gaussian 
distribution) the mean and median 
are equal and the skewness coeffi- 
cient tends to zero. 


DEFINITIONS (continued) 


A statistical parameter obtained by 
summing the squares of (k) independ- 
ent random variables (statistical 

ri n n rv-f f \ C V»i c /Tiva ■»• A 

VO. ^ 

ranges from zero to infinity and is 
a measure of the degree of corre- 
lation between the given amplitude 
distribution and a Gaussian 
distribution. 
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PREDOMINANT FREQUENCIES 
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Meas. No, : 
Description: 
Run No: 

Slice Time: 
Calib. Range: 
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Mean: 

S.D.: 

Skewness: 

Kurtosis: 

Chi-Square: 
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Meas. No.: 
Description: 
Run No: 

Slice Time: 
Calib. Range: 
Zone: 

El 2-1 
Turbine 
SA1024 
31-32 
+50 G 
1-1 

Gear Box 

Mean: 

S.D. : 
Skewness: 
Kurtosis: 
Chi-Square: 
2. 5%: 
5%: 
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PSD vs. FREQ. 


^RMS vs - FREQ. 


FIGURE B-5 




Meas. No.: 
Description: 
Run No: 

Slice Time: 
Calib. Range: 
Zuiie; 

E12-2 

Turbine Geer Box 

SA1024 

47-48 

+50 G 

r i 

X"*JL 

Mean: 

S. D. : 
Skewness: 
Kurtosis: 
Chi-Square: 
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2.94 

8.53 
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GRMS vs. FREQ. 
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Meas. No. : 
Description: 
Run No: 

Slice Time: 
Calib. Range: 
Zone: 

E12-3 
Turbine 
SA1024 
31-32 
+50 G 
1-1 

Gear Box 

Mean: 

S.D. : 
Skewness: 
Kurtosis: 
Chi-Square: 
2. 5%: 
5%: 

0.19 

15.50 

0.020 

3.11 

13.26 

23.34 

21.03 


PREDOMINANT FREQUENCIES 
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GrmS vs. FREQ. 


FIGURE B-7 
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Meas. No. : E12-4 

Description: Turbin 

Run No: SA1024 

Slice Time: 47-48 

Calib. Range: +50 G 

Zone: 1-1 


E12-4 

Turbine Gear Box 


Mean: 

S. D. : 
Skewness: 
Kurtosis: 
Chi-Square: 
2. 5%: 
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PREDOMINANT FREQUENCIES 
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Meas. No. : 
Description: 
Run No: 

Slice Time: 
Calib. Range: 
Zone: 

E12-5 

Turbine Gear Box 
SA1024 
31-32 
+ 50 G 

1-1 

Mean: 

S.D.: 

Skewness: 

Kurtosis: 

Chi-Square: 

2.5%: 

5%: 

0.16 

20.57 

0.013 

2.86 

16.02 

23-34 

21.03 


PREDOMINANT FREQUENCIES 


FREQUENCY 

RMS AMPLITUDE 

FREQUENCY 

RMS AMPLITUDE 

2189 

6.97 

2249 

2.35 

1640 

6.35 

2104 

2.26 

1095 

4.96 

2159 

2.21 

2219 

2.74 

2029 

2.16 

2274 

2.50 

2084 

2.16 
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Meas. No. : 

KL2-6 

Mean: 

0.16 

Description: 

Turbine Gear Box 

S.D.: 

u ute 

Run No: 

SA1024 

Skewness: 

0.0089 

Slice Time: 

h7-hS 

Kurtosis: 

2.71 
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x Ca n 

r'Ki-Cnna ro » 
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5%: 

21.03 


PREDOMINANT FREQUENCIES 


FREQUENCY 

RMS AMPLITUDE 

FREQUENCY 

RMS AMPLI TUDE 

1630 

li.OU 

2050 

1.58 

2170 

3.17 

17U5 

1.39 

1085 

3.00 

1170 

1.3U 

1520 

1.87 

2150 

1.3U 

1995 

1.72 

1865 

1.23 
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Meas. No. : 
Description: 
Run No: 

Slice Time: 
Calib. Range: 
Zone: 

E 12-7 

Turbine Gear Box 

SA1024 

31-32 

+ 5 o 0 
1-1 

J\ae<±n: 

S.D. : 
Skewness: 
Kurtosis: 
Chi-Square: 
2. 5%: 
5%: 

0.015 

15.00 

o . o 54 

2.98 

8.48 

23.34 

21.03 


PREDOMINANT FREQUENCIES 


FREQUENCY 

RMS AMPLITUDE 

FREQUENCY 

RMS AMPLITUDE 

2175 

4.63 

211)0 

1.76 

1635 

3.19 

1090 

1.69 

2070 

2.21 

2120 

1.65 

2160 

1.82 
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1.59 

2085 

1.77 

1985 

1.52 
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PSD vs. FREQ. 


G RMS vs * freq. 






Meas. No. : 
Description: 
Run No: 

Slice Time: 
Calib. Range: 
Zone: 

E 12-8 

Turbine Gear Box 

SA1024 

U7-48 

+ 50 G 

i-i 

Mean: 

S.D.: 
Skewness: 
Kurtosis: 
Chi-Square: 
l. 5%: 

0.026 

18.34 
0.028 

3.01 

19.05 

23.34 



~5%: 

21.03 


PREDOMINANT FREQUENCIES 


FHEQUaiCY 

RMS AMPLITUDE 

FREQUENCY 

RMS AMPLITUDE 

1630 

U;2o 

2385 

2.66 

1085 

4.06 

2285 

2.65 

2170 

3.79 

2375 

2.60 

2315 

3.29 

2355 

2.55 

2605 

2.80 

1105 

2.43 
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Meas. No. : 

E33-1 


Mean: 

-0.18 

Description: 

Thrust 

Chamber Dome 

S.D. : 

14.98 

Run No: 

SA102& 


Skewness: 

0.14 

Slice Time: 

25-26 


Kurtosis: 

3.57 

Calib. Range: 

+50 G 


Chi-Square: 

135.37 

Zone: 

1-2 


2. 5%: 

23.34 




5%: 

21.03 


PREDOMINANT FREQUENCIES 


FREQUENCY 

RMS 

AMPLITUDE 

FREQUENCY 

RMS AMPLITUDE 
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1.52 
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1.29 

1429 
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670 
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1.26 
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Meas. No* : 

E33-3 

Mean: 

-0.17 

Description: 

Thrust Chamber Dome 

S. D. : 

45.73 

Run No: 

SA1024 

Skewness: 

0.17 

Slice Time: 

25-26 

Kurtosis: 

2.94 

Calib. Range: 

+50 G 

Chi-Square: 

64.92 

Zone: 

T-2 

2.5%: 

31.53 



5%: 

28.87 
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PSD vs. FREQ. 


GrmS vs. FREQ. 
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Me as. No. : E33-7 

Description: Thru*' 

Run No: SA102J 

Slice Time: 25-26 

Calib. Rangel *50 G 

Zone: 1 -2 


E33-7 

Thrust Chamber Dome 

SA1024 

25-26 


Mean: 

S.D. : 
Skewness: 
Kurtosis: 
Chi-Square: 
2. 5%: 
5%: 


0.13 

33.45 

0.095 

3.00 

35.03 
23.34 

21.03 
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5.42 
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4.39 
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7.34 
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3.57 

220 

5.48 

300 

3.55 
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PSD vs. FREQ. 
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FIGURE B-16 



Meas. No.: 
Description: 
Run No: 

Slice Time: 
Calib. Range: 
Zone: 

E 105-11 
Spider Beam 
SA1024 
UO-I 4 I 
+ 25 G 
7-2 

Mean: 0.0037 

S. D. : 2 # 32 

Skewness: 0*0037 

Kurtosis: 3#06 

Chi-Square: lU*52 

2. 5%: 23*3U 

5%: 21.03 


PREDOMINANT FREQUENCIES 
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FIGURE B-17 




Meas. No. : 
Description: 
Run No: 

Slice Time: 
Calib. Range: 
Zone: 

E107-11 
Spider Seam 
SA10 24 
55-56 
+ 25 0 
7-2 

Mean: 

S.D.: 
Skewness: 
Kurtosis: 
Chi -Square: 
2.5%: 

0.081 

U .60 

-0.019 

2.95 

13.1*2 

31.53 



5%: 

28.87 


PREDOMINANT FREQUENCIES 


FREQUHfCT 

RMS AMPLITUDE 

FREQUENCY 

RMS AMPLITUDE 

615 

1.23 

675 

o.5o 

925 

0.60 

710 

0.1*9 

905 

0.56 

l*l*o 

0.1*8 

650 

0.55 

885 

0.1*7 

5 75 

0.53 

1*85 

0.1*5 
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Meas. No. : 

E 135-9 

Mean: 

0.18 

Description: 

Shear Beam 

S.D. : 

8.98 

Run No: 

SA1024 

Skewness: 

-0.0098 

Slice Time: 

U6-U7 

Kurtosis: 

2.89 

Calib. Range: 

+ 30 G 

Chi-Square: 

19.75 

Zone: 

2-3 

2.5%: 

27.1*9 



5%: 

25.00 


PREDOMINANT FREQUENCIES 


FREQUENCY RMS AMPLITUDE 


FREQUENCY RMS AMPLITUDE 


860 

2.35 

625 

1.26 

880 

1.72 

710 

1.22 

5 95 

1.U0 

5oo 

1.17 

820 

1.29 

755 

1.16 

610 

1.28 

530 

1.00 
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Meas. No. : 
Description: 
Run No: 

Slice Time: 
Calib. Range: 
Zone * 

E 136-9 
Shear Beam 
SA1024 
61-62 
+ 30 G 
2-3 

Mean: 

S. D.: 
Skewness: 
Kurtosis: 
Chi-Square: 
2.5%: 

0.085 

8.63 

-0.012 

2.83 

18.97 

23.34 



5%: 

21.03 


PREDOMINANT FREQUENCIES 
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RMS AMPLITUDE 

FREQUENCY 

RMS AMPLITUDE 

1075 

2.69 

1095 

1.64 

1110 

2.02 

990 

1.50 

1150 

1.88 

965 

1.30 

1120 

1.87 

1015 

1.18 

1060 

1.80 

1205 

1.04 







niiiim«iiiimitm>m ■■■■■ 

|llB»I»«IMIIIlllllBt«B Bill! 
Ibbbbbbbbbbbbbbbbbbbbbbbb BBBBB 
iBBBBaBflBBIBBBBBBBIBBBBBB BBBBB 
Ibbbbbbbbbbbbbbbbbbbbbbbb bbbbb 
Hbbbbbbbbbbbbbbbbbbbbbbbb bbbbb 
Mbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 
Ibbbbbbbbbbbbbbbbbbbbbbbb bbbbb 
Ibbbbbbbbbbbbbbbbbbbsbbbbbbbbbb 
IbBIIBBBBBBBBBBBIIBBBBBBIBIBBII 
RBBBBBSBBBBBBBBBBBBaBSilBaaBBBBB 
|BBBBBBBBBBBBBBBflBBBBB!!B8 BBBBB 
|flBBBBBBBBBBBBBBBBBBBBMBB BBBBB 
BIBBBBBBBBBBBBBBBBBBBB! IBB BBBBB 

Ibbbbbbbbbbbbbbbbbbbbbiibb bbbbb 

QflBBBBBBBBBBBBBBBBBBBBilBB BBBBB 

Ibbbbbbbbbbbbbbbbbbbbbmbb bbbbb 
|bbbbbbbbbbbbbbbbbbbbbubbbbbbbb 

I BBBB BIB IBB BBS ■■■■■■■ BHBI BBBB B8 
| BBBBBBBBBBBBBBBBBBBBB 1 IBBBBBBBB 
nBBBBBBBBBBBBBBBBBBBBBi IBBBBBBBB 
I BBBBBBBBBBBBBBBBBBBBB IBB BBBBB 
| BBBBBBBBBBBBBBBBBBBBB IBBBBBBBB 
| BBBBBBBBBBBBBBBBBBBBB: IBB BBBBB 
IBRRBBBBBBBIBBBBIBBBBB’ ! BB bbbbb 
IBBBBBBBBBBBBBBBBBBBBB IB BBBBB 

Ibbbbbbbbbbbbbbbbbbbbb ibbbbbbb 

IBBBBBBBBBBBBBBBBBBBBB IBBBBBBB 

Ibbbbbbbbbbbbbbbbbbbbb '■■•■■«■ 
Ibbbbbbbbbbbbbbbbbbbbb bbbbbbb 
n BBBBBBBBBBBBBBBBBBBBB I IBBBBBB 

Ibbbbbbbbbbbbbbbbbbbbb t bbbbbbb 
Ibbbbbbbbbbbbbbbbbbbbb i bbbbbbb 

I BBBB BBBBBBBB BBBBIBBB Bi f BBBBBBB 
iBBBBBBBBBBBBBBBBBBBBBIk IBBBBBB 
n BBBBBBBB BIBB BBBBBBBI BBB IBBBBBB 
IBBBBBBBBBBBBBBBBBBBI IBB IBBBBBB 

Ibbbbbbbbibbbbibibbb’ IBBHBBBBIB 
Ibbbbbbbbbbbbbbbbbbb IBBMSBBBBB 
|bBIBBBIIIBIBIBBBBBB I BBItBBBIBB 
3 BBBBBBBB BBBBSBBBBBB I ■■) «■■■■■ 
I BBBB BBBB BBBBBBB BBBBB i 1 BBl 1 BBBBB 
||BBBBBBBBBBIBBBBBBI Bi BBB BBBBB 
■ ■■■■■■■■■■■■■■■IBB *)■■■■■ BBBBB 
| BBBB BBBB BBBB BBBBB r BBBBBBMt'BBBB 


BBBBBB 

BBBBBB 

BBBBBB' 

■bbbbbI 

BBBBBB' 

■bbbbb! 
■BBBBBB 
BBBBBBB 
BBBBBBB 
BBBBBBB 
BBBBBBB 
BBBBBBB 
BBBBBBB 
BBBBSBI 
BBBBBBB 
BBBBBBB 
BBBBBBB 
BBBBBBB 
BBBBBBB 
BBBBBBB 
BBBBBBB 
BBBBBBB 
BBBBBBB 
BBBBBBB 
BBBBBBB 
BBBBBBB 
BBBBBBB 
■BBBBBB 
■BBBBBB 
■BBBBBB 
■BBBBBB 
■BBBBBB 
■ ■■■MB 
■BBBBBB 
BBBBBBB 
■BBBBBB 
■BBBBBB 
■BBBBBB 
■BBBBBB 
■BBBBBB 
■■■■BBB 
BBBBBBB 
■BBBBBB 
■BBBBBB 
■■■■■■■ 
■■■■■■« 
■BBBBBB 
iiNi»a 



HUB 

mu 

HUB 

HUB 

HUB 


■BB at ant 

B lit* ‘ BUM 
iBIIt'I.IIBI 

f Bill BI BB 
B B 

'.^IILIJIU't 

W7/I ■■ P'ltBI 
*1 'jyBBBT4BBBB| 

■ BB .i'l* bbbbbbb 

■ SkliMIBBBBBB 
IBBJIBBBIBIBB 


BBar.aiiB 

■■■■■hi a 

'■■■7BBIII . r 

■ ■■•r.ravir 

V?BB1. , *I B. Ill BBBBBBB 

iKVr«k,lB^Bl ir^tBBBB 
ntv ^kkBaiariBv 'iBna 


PSD vs) FREQ. 


G RMS vs> FREQ - 





Meas. No. : 

E139-9 

Mean: 

-0.0070 

Description: 

Shear Beam Top 

S.D.: 

9.39 

Run No: 

SA1024 

Skewness: 

—0.012 

Slice Time: 

40-41 

Kurtosis: 

3.06 

Calib. Range: 

+ 30 G 

Chi-Square: 

11.81 

Zone: 

2-3 

2. 5%: 

28.85 



5%: 

26.30 


PREDOMINANT FREQUENCIES 


FREQUENCY 

RMS AMPLITUDE 

FREQUENCY 

RMS AMPLITUDE 



PSD vs. FREQ. g RMS vs. FREQ. 


FIGURE B-2I 


50 





Meas. No. : 
Description: 
Run No: 

Slice Time: 
Calib. Range: 
Zone: 

E 140-9 

Shear Beam Top 

SA1024 

43-44 
+ 30 G 

2-1 

Mean: 

S.D.: 
Skewness: 
Kurtosis: 
Chi-Square: 
c. 5%: 

-0.0023 

6.95 

0.12 

3.14 

30.41 

25-34 



5%: 

21.03 


PREDOMINANT FREQUENCIES 


FREQUENCY 

RMS AMPLITUDE 

FREQUENCY 

RMS AMPLITUDE 

350 

1.86 

545 

1.02 

240 

1.57 

440 

0.94 

370 

1.55 

420 

0.91 

290 

1.29 

595 

0.80 

525 

1.03 

510 

0.74 


IiimbibbbimmmmmmbbmmmmbbmmmiI 

| BBBBBBB BBBBB BIBB BBBB BIBB BIBB BBBBBBBI ■ BIB I] 
ImBIMIBBIIMBBBMMIBIMIMMMMMMMB 
| BBBB BBBB BBBBBBBI Bill BiaiSBBBBBlIBBBlBBBRI] 
RllIBBBBBIBIBIflBBBBIBBBIBIIIBlIBBBBBBBIBBlHiHHH 
IbBBBBBBBBBBBBBBBIBBBBBBBBBIBBBBBBBBBBB IB BBBBBBB BBBBB 
llBBBBBBBBBBB BBBB BBBB BBBB BBBB BBBBBBBI BBBBBBBB BBBB BBBB 
I ■BBBBBBBIBIIBBBB BBBB BIBB BBBB l■ll■■■■allllB■B BIBB BBBB 
I BIBB BBBB BBBBBBBB BBBB ■BIBBBIB 8 IBBBBBBIIBB BIBB IBM 
I BIBB BIBB ■■•■■BIB MM Bill IBM BBBIBIBI IBM I MB Mil IBM 
I BBBB BBBBBBBB BBBBBBBB ■ BBBBBBB MMMBBBBBBBBBBB BBBBBBB 

Ibbbbmiibbbbbbmbbimbmbbmbmbmmbbbimibmmibm 

I BBBB MB 1 BBMBBBB BBBB BBBIBBBIBBBBBBBB IBM! BIB BBBB BBBB 
|BIIIBHIIIIIIIIBIIBIIBllBBIIIiailBlllliailliaiBIIIII 
!•■■■■■■ MBM BBBBBBB ■■■•■•■■■•■■■ BBBB BBBBBBBB BBBBBBBB 
I IBM II 1 1 BBBBBBB I BBBB BBBB BBBBBBBB BBBB BBBB IBM BBBB BBBB 
I Bill III IBBMMMBMMMBMMMBBMBBBBBBIBBIMMBBBB 
I BBBB Ml IBBMBIMIBMMMMMBMBMBBBBMMMBBMMBI 
I lllllfll BBBIBaiBBIIIBMMBBMBBMMBBBIBBMIBBBBBBMI 

Ibbbmbiiibmiimbmbbiiimbbbibimbibibbbbbbimbmm 

ftaiesr:; ::::::::::::::::::::::::::::::::::::::::::::: 

Mai SS iISSSSiibiSSmSbbmmibmmmbimmbiimiSim 

3 iiBBI II M BBBBBBBB MM IBBBBBMBBMBBBiBBBBBBBBBBBB BBBB 
IlMBI II II Bill BIBB BBBB IMBIMMMBBIBBBBBBMBBMBI IBM 
IMMI II IIIIIIIIIBIIIIMIIIIIIIIMIIIIIiailllBIIIIIIII 
llBBII II MIBBBMIIBIMMBBMBBMBBBMIBMBMBMMMBM 
IMMI ri II Mil BBBBB •••■■■•BBiBBBBBitBBMilBIBBBBBIBBIB 
IMMI II MBBMBMIBBMMIBMMMMBBMBMIBMBMMMM 
llllll 1 1 li MIBB MBBIMIIMIBBBBMIIBII MM MM 

llllll 1 1 rilMMMIMMMIIIMIBMMI IIIIIIMIIM 

I Mill I I I BBM BBBB BBBB BBBBBBBB IBM BIBB BBBBBBBB BBBBBBBB 

ImMIiI I I IB I MIIIMMIIMIMIIIIIIIIIIIIIIIIBM 

niBBfllll III! I MBIIBIIIIBIM IIIIIIIIIIIBBIIIIIIII 

IlMBIII Mil I IMIBBMMMMIMMBMMBIMBIMBIMiail 
ImBIIMIIB* I ! IMBBMIMMBaiBMI«BBBiailRIBIBMBIMM 
I ■■Bill INI I I ■IIIMRIMBIMIMMIMBIBBIIMIIMBMBM 
laiBBII ! llllll II lliaillBIIIIIIIIIIBIIIlIBBIIIIIIIIMBBII 
llBIBir 'IBBI'll aailMMMBaillllMIIIMBBIlIBBIBBMMII 
I BBBB III I IBBIIB IBM BBBBIBBBMI I BBBB MBB BBBBBBBB BBBB BBBB 

llBBIlUilll Bl ( ’ IBB BBBB ■■••IBBMI II II IIMIIIMMM 

llBBB lllllllli IIIIIBIIIIIII 

Imbi iibbibiii^ JMIIBIMMBMBMBMIIMIMIIMMMM 

SBr J iinimniii.«:* f .: 


BBBBB 
■BBBB 
[■»■! 
BBBB 
IBBBl 
llBBSl 
■tlIBBBI 
IIIIIBBBI 

hiiiibbbI 

IHI BBBB 

||||S 

IIHB 
III ■ 

iii iHI 

III BBBBB 
Mi l I’BBB 

liiai Illicit limbbb 


iBBBBBBB'i 

Ibbbbbbbi 

ligaaBBBB 


■ B .11 IBB 


I UI1BBBB 

IIII1BBM 
I ill ■ ■ Bl 

in bbbM 

II BBBBB 
IB BBiIBB 
IBBB1IBB 
IBB* IIBB 
• BBBIfflB 
■MMia BBIIBB 
■IIBBBHI t kfBlIBI’ll 

Wmiumi mi i f liwtia bub 
Ibjibb* fiiiiiLiik.iiBtira 
laiirBI flllll BIIBBBIIBB 
lailliBl i MIU'BBBBIIBB 
■ BllirilU I Ilf BBBB II J ■ 
QBIIIJBIIIi'IIIBI .'1VBI 1 


IBBB BB liBftl 
laMBBIl'TI 

■Mu bulb 
IbTTbi bi bb 
Ibiiblbiibb 

IBM B^ IBB 

RBliriBI IBB 
IBIIIBB IB 1 

Ibiib iBiirit 

Huai »■>, ii 


lilfl li rilllllflUB 
I I I IBBlIBB'BBBBrif 
IlMBBIBklllBlB 

RB IBBBIBBIiaaH 


|SS»SS»B 


■bb 

IBBIMlBkai^tB 

■bbiii'bi^ibiwMI 

MBBBBBBBBk.JBBBB«».^ 
BBBBBBBBBBBBBBBBBBI 


HI 


BBB 


IBBBBBBBBB 


PSD vs. FREQ. 


Grms vs * freq. 



51 





Meas. No. : 
Description: 
Run No: 

Slice Time: 
Calib. Range: 
Zone: 

E270-9 

Distributor 9A3 
SA10 24 

46-4? 

+ 20 G 
3-1 

Mean: 

S.D. : 
Skewness: 
Kurtosis: 
Chi-Square: 
2. 5%: 
5%: 

-0.010 

4.36 

0.038 

2.91 

19.65 

23.34 

21.03 


PREDOMINANT FREQUENCIES 


FREQUENCY 

RMS AMPLITUDE 

FREQUENCY 

RMS AMPLITUDE 

95 

1.30 

210 

0.44 

150 

0.76 

580 

0.43 

4 20 

0.47 

555 

0.43 

385 

0.47 

370 

0.43 

650 

0.44 

535 

0.42 



Qibbiiiiiiibbiiiiiiibi 
I BIBB BIBB BIBB IBBBBBBBB 

■ bbbbib ■■■■■■■■■ 

laiiiBiiBiiaBBiaBiiaa 

Bibiiiiiibiiibiiiiiib 

Iibbiiiibibiiibbiiibb 

I BBBBIBBI BIBBI 

IlIBBIIIIIBIIIBIIIIII 
QlllBIIBIBBBBBBIBIBIII 
■BIBBIBBBBBBBBBBBBBBBB 
III BllllIBBIBIBBIIIBII 
llllBIBBBIBBBlIBBBIBBI 

III BBSIBIflllBllllllllfl 
III BBBBIBBBBBBBBBBBBBB 
III BBIBIBBBBBBBBIBBiaB 

Ibibbbbbbbbibbbibiibb 
I n bbbbbbbbbbbibbbbbb 
■bibbibbbbbbbbbbbbbbb 

IfllBBBBBBBBBBIflBBflflBBB 
1 81 BBBBBBBBBBIBBBBBBBI 
III IBIBBBBBflBlIBBBBBBI 
BBBBBBBBBBBBBBBB 

Ibibbibbbbbbbbbbbbbbbb 
Ibibbibbbbbbbbbbbbbbbb 
I n bbibbbbbbbbbbbbbbbb 
Ibi ibibbbbbbbbbbbbbbbi 

III IBIBBBBBBIBBBBBBIII 
III IBIBIIIBIBBIIIBIIBI 

III IBIBBIBBB BBIBB 

III I BIB IB BIBB BIB BIBB 11 
|ll IIIBlIBBBlIBBiaailB 
|ll I IIBlIBBBBIBBiaiBBB 
Ibi i iiiBiBiBiiaaaBBBBB 
III I I IBB BBBBIBBI BBBBIB 

|n t iiiiiiiiimimii 

|ll I IBBBBIIIIBBIIIIIBB 
III miBBMIBlIBBIBBBBI 
III IIIIBBQ 'irUIBIIIMI 

|ll I II’ I If 'i j 1 1'llli^ .lB 
IlfililhUkJJliiaBMl'rMI' 

Il'lBBBBBBBBBBBBBBBBBB 





■ii 
■I II 
■III 
■I II 
■I II 
■l II 
■I II 
|l I 
1 i 


I 111! II 

I lid I! 


■v 

Ilf 


11 
■I 
■I 

■I II 

■I 1 I ltl 

111 lit ■ 

in ii 

hi mill 

■nmH 

nun 




unriiiif 

nimiL 


uiiiii 

mi nr 
■■■■■ iiiriMM 
iir.iiai ii jjlr 
ftt^vmii iihh 
rjiiriirajiiip 

ifillllllKSii^ 


llll 

an 
in 
■■ 

■■I 

■ iif 
■mi 
■ nil 

1 1 fill! 

ii iiuHHHH 

ii inim in 


■r 

lifil 

Mill 

uri 


■ 


■ ■ 

!! 

■ I 

■ I 

■ I 

■ ll 

■ Ii 

18 


fill 

rm 

in# 
in 

ini 

uriM 

NI'lM'l 


Mill 

■■■■■■ 

■■■■■■ 

Well ■ 


■■H 

W 


iil 

p 

III! 

mil 


■ il 

ti iivini 


iim 


BHoa 


PSD vs. FREQ. 


OR MS vs. FREQ. 




Meas No: 

L28-9 

1 

Mean: 0.000000 

Description: 

Sound Intensity, Sta. 171 

S.D.: 0.017 

Run No: 

SA1024 

Skewness: 0. 22 

Slice Time: 

47-48 

Kurtosis: 7.79 

Calib. Range 

. 130-150 dB. 

Chi-Square: 357.67 

Zone: 

2 


5%: 21.03 


FREQUENCY 


PREDOMINANT FREQUENCIES 

RMS AMPLITUDE FREQUENCY 


rms amplitud: 


0.0019 

0.0019 

0.0019 

0.0018 

0.0017 


0. 0017 
0. 0017 
0. 0017 
0.0016 
0.0016 


esse:: 


;=Sssiii;5==i55E::iia:al 




FIGURE B-24 


53 




VIBRATION ENVIRONMENT 



54 


VIBRATION ENVIRONMENT, ENGINE 4 SHEAR BEAM 
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VIBRATION ENVIRONMENT, ENGINE 8 SHEAR BEAM 






VIBRATION ENVIRONMENT, UPPER BULKHEAD OF F-3 
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VIBRATION ENVIRONMENT, UPPER BULKHEAD OF F-4 
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VIBRATION ENVIRONMENT, SPIDER BEAM 
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VIBRATION ENVIRONMENT, LOWER BULKHEAD OF F-3 
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VIBRATION ENVIRONMENT, FUEL INTERCONNECT LINE AND FLANGE 
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VIBRATION ENVIRONMENT, FUEL TANK SKIN 




VIBRATION ENVIRONMENT 



66 


VIBRATION ENVIRONMENT, HEAT SHIELD PANELS 










VIBRATION ENVIRONMENT, F-2 INSTRUMENT COMPARTMENT 







VIBRATION ENVIRONMENT, F-2 INSTRUMENT COMPARTMENT 








VIBRATION ENVIRONMENT, F-l AFT SKIRT 






VIBRATION ENVIRONMENT 



VIBRATION ENVIRONMENT, F-l AFT SKIRT 
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Grms vs. FREQ. 
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g RMS vs. FREQ. 

g RMS vs. FREQ 

FIGURE B-98 

FIGURE B-99 




8A.006A-3 


84.0011 



g RMS vs. freq. 


g RMS vs. FREQ. 


FIGURE B-100 


FIGURE B-101 



GrmS vs. FREQ. 
FIGURE B-102 


GrMS vs. FREQ. 
FIGURE B-103 
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GrMS vs. FREQ. 

FIGURE B-104 


Or MS vs. FREQ. 

FIGURE B-I05 
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g RMS vs. FREQ. 
FIGURE B-106 


GrMS vs. FREQ. 
FIGURE B-107 



APPENDIX C 


TABLES 

I. Data Acquisition and Data Reduction Systems Flow Charts 

II. Hardwire Composite Vibration Levels 

a. Composite Engine Vibrations 

b. Composite R&D Vibration Levels 

III. Static Test Measurement Discrepancies 

IV. Instrumentation 

a. Hardwire 

b. . Telemetry 
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TABLE la. Telemetered Data Acquisition and Data 
Reduction Flow Chart 


Transducer 


1 — H~~~ 

Transmitter 


f 

S/S Demodulator 

|* Magnetic Tape 

]*— L 

Receiver | 


Magnetic Tape 

i "" 


A-to-D Converter 


1401 Printer 

r 


Digital Print- out 


Zonal Statistics 


Signal Conditioning 


7094 Computer 


( RAVAN 


PROGRAM) 


Reformat 


O-Graph Recorder 

1 


Amplitude vs. Time) 

i 


SC 4020 

HZ 


Autocorrelation 

1 


Amplitude vs. Freq 


Meas. Analysis 


TABLE lb. Hardwire Data Acquisition and Data 
Reduction Flow Chart 



► Signal Conditioning 

»| Amplifier 


|Signal Conditioning — 

- Tape Loop 

L I Magnetic Tape 

T 




T.P.C. Analyzer 


| Signal Conditioning ] 

1 


A 

X-Y Plotter 


O-Graph Recorder 

1 f 



Amplitude vs. Freq 


Amplitude vs. Timq 
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TABLE II- a 

COMPOSITE ENGINE VIBRATIONS 
G rm s > 0-5 kc 
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TABLE II-b 

COMPOSITE R&D VIBRATION LEVELS 


J rms 


■S TATIC ME AS. NO 

81. 300-4 
81. 301-4 

81. 302- 4 

81. 303- 4 

81. 304- 4 
81. 305-4 

81. 306- 8 

81. 307- 8 

81. 308- 8 

81. 309- 8 

81. 310- 8 
81. 311-8 
84. 001-3 
84. 00 1A- 3 

84. 002- 3 
84. 002A-3 

84. 003- 4 
84. 003A-4 
84. 004-4 
84. 004A-4 
84. 005-3 
84. 005A-3 
84. 006A-3 

84. 007- 3 

84. 008- 3 

84. 009- 4 

84. 0011 

84. 0012 
84. 0014 
84. 0015 

84. 0016 

84. 0017 
84. 0024-4 

84. 0026- 4 

84. 0027- 4 


1 0-100 cps 0-2500 cps. 

0-5000 cps 


7 

1 1 9 

10 

1 1 7 

7 

1 11 

12 

1 12 

14 

1 11 

11 

11 

11 

1 19 

20 

1 1 12 

13 

16 

17 

1 1 22 

23 

1 17 

17 

0.5 


1 1 16 

16 

2.0 I 


1 11 

11 

0.9 1 


1 35 

36 

1 1.7 I 


1 19 

19 

0.6 I 


! I 6 

6 

1 1 5 

6 

0. 9 


10 1 


18 1 


40 

43 

1 1 40 

41 

I 1 9 

9 

1 1 2 

3 

1 1 1 

2 

1 1 

2 

1 2.0 I 


1 9 

9 

1 44 

44 


The values tabulated are the maximum obtained on either SA 
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TABLE III 


STATIC TEST MEASUREMENT DISCREPANCIES 


MEASUREMENT 

NUMBER 

TEST NUMBER 
SA.-23 SA-24 

DISCREPANCY 
(See Notes) 

Ell-2 

X 

X 

5, 8 

Ell-4 

X 

X 

1,5,8 

Ell-6 

X 


1,7 

E12-2 

X 


6, 7 

E12-3 

X 


6, 7 

E33-1 

X 

X 

1,5,8 

E33-3 

X 

X 

1, 5,8 

E33-5 

X 

X 

5,8 

E33-7 

X 

X 

1,5,8 

E139-9 

X 


6, 7 

L28-9 

X 

X 

1,5 

84. 0013 

X 

X 

2, 6, 7, 10 

81. 041-5 


X 

4, 6, 7 

84. 0017 

X 

X 

3,6, 7 

84. 0024-4 

X 


9 

84. 0027-4 


X 

2, 6, 7 

NOTES: 





1. Transients present in data. 
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TABLE III (Continued) 


2. Transducer separated from structure, ineffective bonding. 

3. Equipment overloaded. 

4. Defective transducer connecting cable. 

5. Data are presented for comparisons although considered 
invalid. 

6. Data considered invalid. 

7. No data analysis plots available. 

8. Abnormally high amplitudes. 

9. Patching error. 

10. Deleted from test SA1024. 
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TABLE IV. a 


INSTRUMENTATION-HARD WIRE 


MEASUREMENT 

TRANSDUCER 

SYSTEM 


NUMBER 

TYPE 

MODEL 

CALIBRATION 

RESPONSE 

(cps) 

81. 041-1 

Cubic 

2A507 

^ G rms 

5000 

81. 041-2 

Cubic 

2A507 

50 G rms 

5000 

81.041-3 

Cubic 

2A507 

50 G rms 

5000 

81. 041-4 

Cubic 

2A507 

50 G rms 

5000 

81. 041-5 

Cubic 

2A507 

50 G rms 

5000 

81. 041-6 

Cubic 

2A507 

50 G rmg 

5000 

81. 041-7 

Cubic 

2A507 

50 G rms 

5000 

81. 041-8 

Cubic 

2A507 

50 G rms 

5000 

82. 03A-1 

Cubic 

2A507 

100 G rms 

5000 

82. 03A-2 

Cubic 

2A507 

100 G rms 

5000 

82. 03A-3 

Cubic 

2A507 

100 G rms 

5000 

82. 03A-4 

Cubic 

2A507 

100 G rms 

5000 

82. 03A-5 

Cubic 

2A507 

100 G rms 

5000 

82. 03A-6 

Cubic 

2A507 

100 G rms 

5000 

82. 03A-7 

Cubic 

2A507 

100 G rms 

5000 

82. 03A-8 

Cubic 

2A507 

100 G rms 

5000 

82. 03D-1 

Cubic 

2A507 

100 G rms 

5000 

82. 03D-2 

Cubic 

2A507 

100 G rms 

5000 
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TABLE IV. a (Continued) 


MEASUREMENT TRANSDUCER SYSTEM 


NUMBER 

TYPE 

MODEL 

CALIBRATION 

RESPONSE 

(cps) 

82. 03D-3 

Cubic 

2A507 

100 G rms 

5000 

82. 03D-4 

Cubic 

2A507 

100 G rms 

5000 

82. 03D-5 

Cubic 

2A507 

100 G rms 

5000 

82. 03D-6 

Cubic 

2A507 

100 G rms 

5000 

82. 03D-7 

Cubic 

2A507 

100 G rms 

5000 

82. 03D-8 

Cubic 

2A507 

100 G rms 

5000 

81. 300-4 

Glennite 

A45U 

10 G rms 

5000 

81. 301-4 

Glennite 

A45U 

20 G rms 

5000 

81. 302-4 

Glennite 

A45U 

20 G rms 

5000 

81. 303-4 

Glennite 

A45U 

30 G rms 

5000 

81. 304-4 

Glennite 

A45U 

30 G rms 

5000 

81. 305-4 

Glennite 

A45U 

30 G rms 

5000 

81. 306-8 

Glennite 

A45U 

30 G rms 

5000 

81. 307-8 

Glennite 

A45U 

30 G rms 

5000 

81. 308-8 

Glennite 

A45U 

30 Grms 

5000 

81. 309-8 

Glennite 

A45U 

50 G rms 

5000 

81. 310-8 

Glennite 

A45U 

30 G rms 

5000 

81. 311-8 

Glennite 

A45U 

30 G rms 

5000 

84. 001-3 

Statham 

A6-15-350 

3 G rms 

100 


TABLE IV. a (Continued) 


MEASUREMENT 

TRANSDUCER 

SYSTEM 


NUMBER 

TYPE 

MODEL 

CALIBRATION 

RESPONSE 

84. 0 0 1 A - 3 

Cubic 

2A507 

40 G rms 

5000 

84. 002-3 

Statham 

A6-15-350 

5 G 

J ^rms 

100 

84. 002A-3 

Cubic 

2A507 

10 G rms 

5000 

84. 003-4 

Statham 

A6-15-350 

5 ^rms 

100 

84. 003A-4 

Cubic 

2A507 

5 Grms 

5000 

84. 004-4 

Statham 

A6-15-350 

5 G 
^rms 

100 

84. 004A-4 

Cubic 

2 A 507 

5 Grms 

5000 

84. 005-3 

Statham 

A6-15-350 

5 G rms 

100 

84. 0 0 5 A - 3 

Cubic 

2A507 

10 Grms 

5000 

84. 0 0 6 A - 3 

Cubic 

2A507 

1° Grms 

5000 

84. 007-3 

Statham 

A6-15-350 

5 G rm s 

100 

84. 008-3 

Statham 

A6-15-350 

5 G 

3 u rms 

100 

84. 009-4 

Statham 

A6-15-350 

10 G rmg 
(SA1023) 

100 




5 G r ms 
(SA 1 024) 

100 

84. 0011 

Cubic 

2A507 

75 G r ms 

5000 

84. 0012 

Cubic 

2A507 

75 G^s 

5000 

84. 0013 

Cubic 

2A.507 

50 G r ms 

5000 

84. 0014 

Cubic 

2A507 

20 G rms 

5000 

84. 0015 

Glennite 

A45U 

10 G rms 

5000 
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TABLE IV. a (Continued) 


MEASUREMENT 

TRANSDUCER 

SYSTEM 


NUMBER 

TYPE 

MODEL 

CALIBRATION 

RESPONSE 

( rnc \ 

\ - c — / 

84. 0016 

Glennite 

A45U 

10 G_„_ 
rms 

5000 

84. 0017 

Glennite 

A45U 

G rms 

5000 

84. 0024-4 

Statham 

A6-15-350 

10 G rms 

100 

84. 0026-4 

Cubic 

2A507 

20 G rms 

5000 

84. 0027-4 

Cubic 

2A507 

100 G rms 

5000 

84. 999 

Cubic 

2A507 

75 G rms 

5000 

84. 9991 

Cubic 

2A507 

75 G rms 

5000 

86. 32 

Cubic 

3A509 

100 G rms 

5000 

86. 33 

Cubic 

3A509 

100 G rms 

5000 

86. 34 

Cubic 

3A509 

100 Grms 

5000 

88. Oil 

Cubic 

2A507 

10 G rms 

5000 

88. 012 

Cubic 

2A507 

10 G r ms 

5000 

88. 013 

Cubic 

2A507 

10 G rms 

5000 

88. 014 

Glennite 

A45U 

20 Grms 

5000 

88. 015 

Glennite 

A45U 

20 G rms 

5000 

88. 016 

Glennite 

A45U 

20 G rms 

5000 

89. 601 

Glennite 

A45U 

20 G r ms 

5000 

89.602 

Glennite 

A45U 

20 Grms 

5000 

89. 603 

Glennite 

A45U 

20 Grms 
(SA1023) 

5000 


TABLE IV. a (Contined) 


MEASUREMENT TRANSDUCER SYSTEM 


NUMBER 

TYPE 

MODEL 

CALIBRATION 

RESPONSE 

(cps) 

89. 603 

Glennite 

A45U 

10 G rms 
(SA1024) 

5000 

89. 604 

Glennite 

A45U 

20 G rms 

5000 

89. 605 

Glennite 

A45U 

20 G rms 

5000 

89. 606 

Glennite 

A45U 

20 G rms 

5000 

89. 607 

Cubic 

2A507 

50 G rms 

5000 

89. 60 

Statham 

A 6- 1 5- 350 

2 G rms 

100 

89. 61 

Statham 

A6-15-350 

2 G rms 

100 



TABLE IV. b 


INSTRUMENTATION- TELEMETRY 
MEASUREMENT TRANSDUCER SYSTEM 


ATTTTk /TDOn 

X N UIVIXJXjU 

m T T T^T-l 

x i srxLt 

IvIvjjj±l.L 

uA Lii3kA iiuN 

KESJ^ONSE 

(cps) 

Ell-2 

Gulton 

TA501UA 

+ 50 

G 

2500 

Ell-4 

Gulton 

TA501UA 

+ 50 

G 

2500 

Ell-6 

Gulton 

TA501UA 

+ 50 

G 

2500 

Ell-8 

Gulton 

TA501UA 

+ 50 

G 

2500 

E12-1 

Gulton 

TA501UA 

+ 50 

G 

2500 

E 12-2 

Gulton 

TA501UA 

+ 50 

G 

2500 

El 2- 3 

Gulton 

TA501UA 

+ 50 

G 

2500 

E 1 2-4 

Gulton 

TA501UA 

+ 50 

G 

2500 

E12-5 

Gulton 

TA501UA 

+ 50 

G 

2500 

E12-6 

Gulton 

TA501UA 

+ 50 

G 

2500 

E12-7 

Gulton 

TA501UA 

+ 50 

G 

2500 

E12-8 

Gulton 

TA501UA 

+ 50 

G 

2500 

E33-1 

Glennite 

AT1289 

+ 50 

G 

2500 

E33-3 

Glennite 

AT1289 

+ 50 

G 

2500 

E33-5 

Glennite 

AT1289 

+ 50 

G 

2500 

E33-7 

Glennite 

AT1289 

+ 50 

G 

2500 

El 05- 1 1 

Glennite 

A T 1 2 8 9 

+ 25 

G 

2500 

E107-11 

Glennite 

AT1289 

+ 25 

G 

2500 
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